Abstract U.S. EPA is requiring States to develop (or at least have a plan for developing) criteria for total nitrogen (N) and total phosphorus (P) in flowing waters (river and streams) and standing waters (lakes and reservoirs) by the end of 2004. The purpose of these criteria are to protect the designated uses of the States' waters in line with the national goals of the Clear Water Act of 1972 to achieve, wherever attainable, water quality which provides for the protection and propagation of fish, shellfish, and wildlife and recreation in and on the water. To help the States develop their criteria, the EPA is publishing nutrient criteria documents along with recommended criteria by ecoregion. At this point, these criteria are being recommended strictly based on what is believed to be needed to protect against water quality degradation; attainability and possibly economic impacts have not been factored in as yet. Based on the proposed criteria currently available, Iowa agriculture will have to implement additional improved/best management practices to significantly reduce current nutrient concentrations and losses in surface runoff water, with sediment, and in subsurface drainage. Although practices (and systems of practices) are available that will help, it is not clear that the low values being proposed are achievable without major changes, including changes in land-use, that could have a large economic impact on agricultural producers.
Introduction
Nutrient overenrichment is a major source of surface water pollution in the U.S., resulting in euthrophication. Euthrophication and resulting algal blooms cause problems associated with low dissolved oxygen, fish kills, cloudy murky water, and reduction or depletion of desirable flora and fauna. In general, for fresh water systems, P is most limiting; while for marine water systems like the Gulf of Mexico, N is often most limiting. While as much as half of the nation's waters may be impacted by excess nutrients, the amounts transported to surface waters and the levels that lead to problems can vary from one region to another because of variations in · geology, weather, soils, and land management. For that reason, EPA is proposing that water quality criteria be regional specific.
In Iowa, the major ecoregion is the "corn belt and northern great plains" region (VI), while a part of northeast Iowa would be in the "mostly glaciated dairy" region (VII), and a part of southsoutheast Iowa would be in the "southeastern temperate forested plains and hills" region (IX). As shown in Table 1 (also see web-site), the recommended criteria for both flowing and standing waters for these three regions vary by region, with the nutrient criteria most stringent for northeast and south-southeast Iowa, and somewhat less stringent in the rest of Iowa. It is also apparent that nutrient criteria for flowing waters are less stringent than for standing waters; however, in applying criteria, downstream uses must also be protected (e.g., when a stream flows into a lake).
When the EPA created a strategy in 1998 to develop and implement nutrient criteria, it was decided the criteria would be based on historical data if sufficient, with additional data collected when needed. In EPA region VII (Iowa, Missouri, Kansas, and Nebraska), EPA contracted with the Central Plains Center for Bioassessment, University of Kansas, to collect and analyze samples from streams selected in the region as possible "reference" streams, where a reference stream would be representative of its ecoregion and possesses the best of existing water for that ecoregion. In Iowa, twenty-three streams in three ecoregions were chosen for monitoring based on best professional judgment. Whether these streams will eventually be considered reference streams, and how the data will be utilized is not yet clear.
Results and Discussion
The data on the water quality in the selected Iowa streams being collected by the Central Plains Center for Bioassessment of the University of Kansas are shown in Table 2 (also see web-site); the values are the average of three samples taken in August (summer) and October (autumn) of 1999 and April (spring) of 2000. For the N data, the overall average NOrN concentration of 4.65 mg/L represented 87% of the average total-N concentration of 5.35 mg/L. For the P data, the overall average P04-P concentration of 61 j..lg/L represented 51% of the average total-P concentration of 119 j..Lg/L. Samples were generally not taken during high flows, so P concentrations are likely lower than they would be if surface runoff and sediment were a larger part of stream flow.
The data collected in an extensive study by Iowa State University (funded by the U.S. EPA) on the water quality of Four-Mile Creek in Tama County are shown in Table 3 for the five years of record (Johnson and Baker, 1982 and 1984) . Again for this watershed, N03-N comprised at least 75% of the total-N going downstream, even when N associated sediment was considered. However, P values as P04-P and total-P are higher than those for the proposed reference streams, in part because the monitoring of Four-Mile Creek was done throughout each year and included storm events when surface runoff and sediment transport were significant. The data collected and shown in Table 4 in an extensive study by Iowa State University (funded by the Iowa DNR) on the water quality of the Upper Maquoketa River in Buchanan, Clayton, Delaware, and Fayette counties in northeast Iowa over a three-year period (Baker et al., 1999) parallel the results for Four-Mile Creek, and there are numerous other studies in Iowa (e.g., Jaynes et al., 1999) with similar results. Relative to standing waters, a lake survey performed by Downing and Ramstach (2001) showed that one lake out of 132 monitored in Iowa would meet criteria of 35 j..Lg/L P and 0.7 mg!L N. In fact the criteria for both flowing and standing waters could not be met by precipitation in Iowa (Tabatabai and Laflen, 1976; Johnson and Baker, 1982 and 1984) .
Concerns for the specific water quality problem of hypoxia in the Gulf of Mexico, believed to be due mostly to increased N03-N losses from the Mississippi River watershed, has resulted in an assessment and an "action plan" calling for a reduction in N03-N transport of 30%. Given that current levels of nutrients in Iowa waters exceed criteria proposed by EPA by at least a factor of three, two extreme scenarios will be considered in this discussion: one where producers would need to reduce nutrient losses by one-third (33%) and one where they would need to reduce them by a factor of three (300% ). Nutrient losses occur with surface runoff water, sediment, and subsurface drainage, and are the sum of the products of the masses of these carriers and the nutrient concentrations in them. To reduce losses, carrier masses and/or concentrations need to be reduced. For both scenarios, the soils and landscape are critical in determining both the degree of nutrient loss and the potential practice/system to reduce them. For N, the critical factor is the presence and degree of artificial subsurface drainage because N03-N leaching is the dominant pathway of N loss. For P, the critical factor is the slope, erosive characteristics, and Plevel of the soil because sediment-Pis the dominant pathway of Ploss. For a review citing references on current understanding of nutrient transport and the effects of management practices (in the discussion that follows) see Baker et al., (1997) .
For the scenario where the goal is a 33% reduction in nutrient losses, improved in-field practices involving rate, method, and timing of nutrient (fertilizer and/or manure) application as well as tillage practices can have a significant effect. If those practices are not sufficient, off-site practices such as wetlands and buffer strips, sited properly in the landscape, can supplement infield practices. Specifically for Nand N03-N leaching, losses are roughly proportional to the amount applied, so for example, a 15% reduction in application rate would be expected to result in a 15% reduction in leaching loss. With respect to method of application, soil incorporation will reduce potential losses with surface runoff, and work is underway to optimize a new placement concept where excess water draining from the soil is diverted away from the applied N. Limited data on the effects of timing, in particular fall versus spring application, indicates that at least during some years, fall application results in more N0 3 -N leaching and lower com. yields. Although reduced tillage under some circumstances increases the volume of leaching water, N03-N concentrations usually associated with the reduced tillage compared to plowing (both moldboard and chisel) are enough lower to off-set, if not more than off-set, increased flow, the thought being the more aggressive the tillage, the more aeration and mineralization of organic matter. Considering where most producers might already be at in their production practices, there may not be enough rooin for improvement to get a 33% reduction in N loss (where one considers that to get the roughly 200-240 lb/acre of N into the com plant with about 4 million lb water/acre, the average N03-N concentration has to be 50 to 60 mg!L, and therefore it is not surprising that excess water moving through the soil has high concentrations of N03-N). The next approach then is installation of wetlands off-site, but placed where they are exposed to significant N03-N concentrations and loads. In central Iowa where 4 or 5 inches of about 8 inches of excess precipitation leaves the field as subsurface drainage, a 1-acre wetland would have the potential to reduce N03-N transport from 100 acres of drained land by half in most years.
For P, with losses generally dominated by those with sediment, the obvious first choice in reducing P losses is by reducing erosion. Conservation tillage has been the dominant in-field practice used by producers in meeting Farm Bill requirements for erosion control on highly erodible lands. However, one possible disadvantage with conservation tillage is that the reduction in tillage necessary to maintain surface crop residue also limits the degree of incorporation of fertilizer and/or manures. This can result in higher P-test levels in the very surface soils, which in turn result in higher soluble-P concentrations in surface runoff water. Indeed, for P, as well as for N, soil incorporation of applied Pis a best management practice to reduce P losses in surface runoff. In one Minnesota study, runoff concentrations and losses from plots where P was applied and incorporated by moldboard plowing were no greater than if no P had been applied. Other studies have shown similar benefits to incorporation. As also with N, decreasing rates of P application will have a reducing effect on P concentrations and losses in surface runoff Uust as the Iowa P-index predicts). This has been shown in several natural and simulated rainfall studies. The amount of P lost by leaching with subsurface drainage has recently received renewed attention. However, field data where tile drainage has been monitored for soils that were neither coarse-textured or highly organic show fairly low soluble-P concentrations (often less than 50 IJ.g/L). This is despite the fact that vertical movement of P through the soil profile is possible through macropores caused by worms and/or roots. The current thought is that once the infiltrating water layers onto the water table, the subsequent lateral movement to tile drains or as natural seepage passing through subsoils low in P cleans up the water through adsorption/precipitation of P in solution. Preliminary data being collected in a project funded by the Leopold Center for Sustainable Agriculture is verifying this hypothesis.
Again as with N, if in-field practices alone are not capable of achieving the 33% reduction, offsite practices or practices that reduce sediment transport will be necessary as a supplement or part of a system to achieve water quality goals. Vegetated buffer strips have considerable potential to reduce sediment transport through deposition, as well as protect waterways against the erosive power offlowing water. Several studies have shown that buffer strips can reduce sediment transport and nutrients, particularly P, transported with sediment by over 50%. Other sediment control practices or structures such as terraces and sediment control basins can reduce transport of sediment, and nutrients associated with it.
For the scenario where nutrient losses need to be reduced by at least 300%, the options are much more limited. For N and N03-N leaching losses the only hope outside of undoing subsurface drainage systems or restoring millions of acres of wetlands, would be large-scale changes in land-use. Studies do show that for alfalfa, and unfertilized close-grown grasses and small grains like oats, N03-N concentrations in tile drainage are much reduced compared to row-crops com and soybeans. These alternate crops are good at scavenging N in the soil system and/or withdraw nutrients and water over a longer part of the growing season. However, current economic conditions, including those influenced by the new Farm Bill, are not favorable to this kind of land-use change.
For P, to get a 300% reduction would also require a major change in land-use and the landscape. In addition to even greater implementation of vegetated buffer strips, a significant portion of currently row-cropped lands would have to be taken out of production and placed in forage-type production, especially those with any erosion potential. Extreme attention would also have to be given to how P fertility was maintained. The P soil test levels of surface soil would have to be kept very low, and the fate of P in surface crop residues would have to be well managed to avoid surface build-up and/or loss of soluble forms in runoff water (including snowmelt). Manure management issues would include not only those associated with confinement operations, but also for forages that were grazed; an Iowa study in east central on grassland grazed by cattle showed P04-P concentrations in surface runoff water were commonly in excess of 1000 IJ.g P/L.
Summary
The criteria that the U.S. EPA are expecting States to adopt are "intended to represent enrichment conditions of surface waters that are minimally impacted by human development activities," and "should provide for protection and propagation of aquatic life and recreation, and reflect conditions that will not adversely affect the biological community." However, for nonpoint source pollution associated with Corn-Belt agriculture, the problem exists because of land use and landscape changes, including the installation of artificial subsurface drainage systems, such that the quality of drainage from agricultural lands in much of the area is not the same as when the lands were in prairies and/or marshes from which the land was converted. Thus the quality of flowing and standing waters in those areas do reflect the impact of human development activities. Because of economic and social consequences that would be associated with returning these lands to their prior use, some would consider the conversion of these lands to agricultural use to be irreversible. Therefore the issue/question that needs to resolved is does it make sense to set criteria so low that they can never be met with the current land use. 
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